NATIONAL ADVISORY COMMITTEE

FOR AERONAUTICS
wa 20 1947
TECHNICAL NOTE

No. 1302

THE EFFECT OF MODIFICATIONS TO THE HORIZONTAL-TAIL PROFILE
ON THE HIGH-SPEED LONGITUDINAL CONTROL
OF A DURSUTT AIRPLANE
By Charles F. Hall

Ames Aeronautical Laboratory
Moffett Field, Calif.

g

Washington e
August 1947

N A C A LIBRARY

LANGLEY MEMORIAL ASRONAUTICAL
LABORATORY

Iangiuy Fleld Vo




NABA Tech

5\‘1\% l\i\\\.li\‘t \‘xl\\l\l\\ﬁ\\ J\\i’l\!\\\ﬂ e

!
6014 5816

NATTONAL ADVISORY COMMITTEE FOR AERONAUTICS

TECHNICAL NOTE NO. 1302

THE EFFECT OF MODIFICATIONS TO THE EORIZONTAI~ .
TATL PROFILE OF THE HIGH-SPEED LONGITUDINAL
CONTROL OF A FURSUIT ATRPLANE

By Cha.rles F. Hall

SUMMARY

This report presents the results of high-spsed wind—tunnel
research on the effects of modifications to the horizontal--tail
profile on the stabtic longitudinal stability and control of a -
pursult airplane at high spoeds. Two symmetrical stabilizers
(a modified NACA four-digit and an NACA 65-geries alrfoil), two
flat-aided elevators, and three elevators with bulged profiles
were Investigated. The tests covered Mach numbers from approxi-—
mately 0.30 to 0.80. The pitching-moment and elevator hinge—
moment characteristics for a model airplame with the various tails
are shown. The distributlon of pressure over the talls is presented.

The data indicate that the modifications to the horizontal—tail
profile have aslmost no effect on the pitching-moment characteristics
of the model, but have a powerful offect on the hinge-moment character—
istice. The effect of bulging the slevator profile, with oither
stabilizer, is to improve the control characteristice by siiminatb--- - —
ing or reducing the severity of the veversal of stick force at
high spoeds and reducing the stick—force gradient.

. INTRODUCTION

The attainment of supercritical speeds by airplanes in high-
spoed dives hes made imporative the determination of the longlitudi—
nal stebllity and control of those alrvplanes in the speed range
sbove the critical, since many pilote have reported large changes
in these characteristics in this speed range.  As part of a program
to study stability end control characteristics at supercritical
speeds, the wind--tummol tests discussed in this report were
undorteken.

Thé alrpleno used as the subject of these tests was chiosen
because 1t had exhibited no dengerous longitudinal characteristics
during recoveries from high—speed dlves. It was bolioved that a
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knowledge of the factors producing the satisfactory dive-reocovery
characteristics of the alrplene would be of value to designers.

In ordexr to determine the effect of the bulged elevator profilec
of this airplanc on the longltudinal-stability and —control charactor-
istics, 1t was felt desirable to test a flat-sided slevator., It weoe
also decided to test & stabllizer having a low-drag eirfoll profile
in conJunction with one flat-sided elovator and two elevators with
bulged profiles to determine if the setisfactory stabillity and
control characteristics could be mainteined or improved at the
pame timo that the drag of the airplane was decreased. Tho Tive
differont tails wore therefore tested on the model at Mach numbers
from approximatoly 0.30 to 0.80.

APPARA‘I'US AKD TESTS

The tests discussed in this report wors mado in the Amocs
16-foot high -speed wind tunnel.

The modol represented a U. s. Army pursult airplano to onc—third
scale and was designed and bullt at the Ames Aeronautical Laboratory
according to lines supplied by tho designers ‘of tho airplane.
Portinent dimensions of the model, together with corresponding air—
plane dimensions, are given in the appendix. A three~vicw drewlng
of tho model is shown in figure 1, end photographs are presontud in
figures 2 to k.

rawings and dimonsions of the five tails tested on tite modol
are shown in Ffigures 5 to 9. _For brevity, those tells will be
referred to ag the H, Ho, Hi, BEp, and Hz +talls. When not specifiod
the H {standard) teil is implied.

The plan forms of all tails werc the same oxcept that tho H,
Hy, end Hg teils hed a tip shapo difforent from that on the H and H,
tails and &1d not hsve the paddlc belances on the olovators. Tho
profiles of the various talls are summerized in tho following
table:
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Stablilizer Elevator
Tall sgction . peetlion
- H (standard) MACA 0011 (at root) Bulge
Hy NACA 0011 (at root) Flat side
Hy NACA 65,010 _ Flat side
Ho ., - .- NACA 65 2010 Large bulge
Ha NACA 652-010 . Small bulge

The root chords of the H and H, elevators were extended to make
the actual root thickness of the talls 10,25 psrcent of the chord.
~The tip section of the H and H, stabilizers was simllar to the
NACA 0009 section, although slightly thinner from the point of
maximum thickness to the elevator hinge line, The actual thickness
of the tip section was 9.75 percent of the chord, - e T

The elevator of the H tall was constructed of solid dural.
The elevators of the othsr teils were comsitructed of laminated wood
gerevwed to steel cores. The hings moments for all elevators were
measured by electric resistance strain gages.

The investigations of the stability characteristica of the model
with the H and Ho talls were made with the cooling duct removed.
(See fig. 3.) This deviation from the standard model was necessary
because the construction of e duct conforming to new lines developed
during preceding tests of a full-scale prototype in the 16-fobt
wind tunnel had not been completed., A coampsrison of subsequent tests
of the model with and without the cooling duct, however, indicated
that the duct had & negligible effect on the pliching-moment coeffi-
cient. It is also believed that the cooling duét had l*ttle effect '
on the hinge-moment date for the two tails. : T

REDUCTION OF DATA
Coefficlents and Symbols

The wind—tunnel date were reduced to standard NACA coefficients
based upon the model dimensions, Pitching moments were computed .
with respect to the normal center—of—gravity location. (See appendix.)
The coefficients and symbols used in this report are defined as
follows:
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1ift coefficient (1ift/qs)

pitching-moment cosfficient (pitching moment/qSc)

elevator hinge-moment coefficient (elevator hinge moment/qbeCe=)
pressﬁre coefficient [(PL - ps)/q}

critical pressure coefficient (the pressure coéfficient
at which the speed of sound is reached locally)

Mach number (V/a)

critical Mach number (the Mach number at which the specd
of sound is reached locally)

angle of attack, degrees (The angle is measured relative -
to the fuselage refersnce line.) '

elevator angle, degrees (The angle is considered poslitive
when the trailing edge is dowm.) .

indlcated acceleratlion normal to flight path, expfessed as -
a factor of the accelarat*dn of gravity

) acceleration due to gravit;, 32.2 feet per second per second)

dynam*c pressure, pounds per sguare foot

volocity of air stream corrected for comstriction effects,
fept per second

speed of soun% in free sireem, feet per second
freo—stroam static pressure, pounds per EQuare foot
local static pressure, pounds per square foot

wing area, square feet

mean aerodynamic chofd.of wing, feet

elevator span, feet

mean square of elevator chord behind hinge line, feet squared
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Mach Number Calibration

Aftor the tosts discussed in thils report were completod,
refinoments were made in the mothods used to calibrate theo wind.
tunnel. (See reference 1.} Since it is bolioved the calibration
cbtained by these.improvud methods is more accurate than that used
during the originel testing, the resul‘bs in this rsport have been
based on tho later ca.li'bra.tion.

Tunnel-Wall and Tare Corroctions

The correoctions applicd to the data to account for the constricting
effects of the tumnel wall are thoso discussed in refersnce 1. Cor-:
rections to account for the inducod offocts wore calculatsd from
roference 2. The btars corroctions wore evaluated by supporting the
model et the wing tips (fig. L) and dotormining the aerodjmamic
charactoristics of theo model with end without the normal sUpPpPTTL
system 1n place.

RESULTS AND DISCUSSIOR
Longlitudinal Characteristics of Model

Lift.~ The 1ift coefficiont of the model in rolation to the
angle of attack and Mach nuwber is shown in figure 10, The slope of
the 1ift ocurve increases from 0.086 to 0.104 betwoon 0.30 and 0.70
Mach numbsr., With further increage in Mach number to 0.80, the
slope docroases to 0.056. Tho wind—~tunnel data indicate no increase
in tho angle of atback for zero 1lift with Mach number, e character—
istic in contrast to that of many wings at high speeds. This is a
deglrable characteristic from the standpoint of longliudinel stabililty,
ag will be discussed later, No well—defined relationship is indicated
botwoen the critical Mach number of the wing (fig. 11) and the Mach
nuber et which the 11ft ceefficlont for constant angle of attack
decroases. A comparison of Tigures 10(b) and 11 shows that up to an
angle of attack of 4° this Mach number corresponds quito closely with
the critical value at wing station 62.33, the sitation having tho
highost critical Mach number. . B

Pitching moment.— The pitchirg-moment coefficient of the modeold
with the H +$ail bul with tho cooling duct removed is shown in
figure 12. The data indicato that -OCp/3C1 decromsos as tho Mach
numbor is increased from T.30 to 6.70; with further increzse in Mach
mmbor to 0.80, -3Cy/dCr shows a large increase. It will be noticed
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that the Mach mumber of domarcetion botwoon docroasging end incroasing
-3Cp/3CT, coincidos with that botweon incrcasing and docroasing o901, /0.

Figuro 12 also shows the offoct of Mach numbor on tho pitching—
moment coofficicnt for constant 1ift coefficiont. Tho data indicato
an abrupt docrease 1n pitching-moment coofficient with lncroasing
Mach number above 0.675 at 0.80 1ift cocfficiont armd sbove 0.75 at
zoro 1ift. This abrupt docrease in pliching-momsnt coefflicient
causes the elevator—angle variation with speed to become unstable,
which if not compensated by the elevator hinge-moment characteristics
will produce largé increases in the pull required on the stick for
dive recoveries.

The data for the model with .the empennage off (fig. 13) do not
show an abrupt decreage of pitching-moment coefficient with increas—
ing Mach number as do those for the camplste model but, on the
contrary, indicate an increase at thé high Mach numbers. The
differsnce between the pilitching-moment characterilstics with and .-
without the tall muast be attributed, therefore, to a decreese in
download or an increasse in upload on the taill. The change in the
load on the tail is caused primarily by the increase in angle of
attack of the tail due mainly to the increase of model angle of
attack with Mach number necessary to maintaln a constant 1ift
coefficlient, but also to a amgll extent due to changes in the angle
of downwash from the wing ceused by a small outboard shift of the
1ift on the wing at high Mach numbers.. Since the major cause of the
_abrupt decrease in pitching-moment coefficilent with Increasing Mach
number is the Increase. in the angle of attack of the model, 1t is
obvioug that this pitching-moment characteristic would be greatly
aggravated by increases in the engle of atitack for zero lift with
Mach number. As previously stated, the wing of this model does not
oxhibit these unfavcrable 1ift characteristice, a factor partly
responsible for the good dive~recovery qualities of the airplane
at high speeds.

To a smallsr degree the change in load on the tail 1is caueed
by the variation of OCL/dx of the tail with increasing Mach number.
Date from tests of the model with different stabilizer angles indicate.
that OCr/3a of the tail increases with Mach number up to 0.70, but
decreases with further increase in Mach number. This characteristic
will aggravate the sbrupt decrease in pitching-moment coefficlent
when the tall load is downward but will relieve it when the load
is upward.

The pitching-moment-data for the model with the other four tails
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discussed in this report are shown in relation to elsvator angle

and 1ift coefficient at a constant Mach number in figures 15 to 18,

as are those for the H tail in figure 1k. Although the data for

the four tails are rather meager with respect to Mach nimber varia—
tlons, & comparison of these data with those for the B teil indicatos
trends almoat identical with those previously discussed. It therafore
can be said that the changss of slevator profile. discussed in this

report have no apprecleble effect on the longitudinal—etability
characteristics of the model.

Elevator Hings-Moment Characteristics
The elevator hinge-moment coeflficients and the pitching-moment

coefficients are shown in figurus 14 to 18 for the five taills tested
on the model. The elevator angle and the hinge-moment coefficient

. for balance with zero tab angle can therefors bo dotermined at each

Mach numbbr from these figurss. In addition, some of tho more
important characteristics shown in figures 14 to 18 ave summarized
in teble 1. I

. As indicated in figures 14 to 18 and in teble 1, the value of
aCh /389_ at 0.30 Mach number is negative throughout the elevator—
angle and lift-coefficient range of the tests for each tall and,

in addition, is noarly comstant. These data also show the affecﬁ'

of tke bulged elovator profile at 0.30 Mach number. Comparison of
the results for the flat-slded elevabtors with those for the H tail
(standard) shows that the average values of BCbe/BBG for the - Hg
and E; t4ils are approximatoly 62 and 52 percent mors nogativo,
respoctlvely, than that for the H tail. For the Hpy and Hz  tails
the values are approximately U4 and 21 porcont more negative. respéc—
tlvely. It should be noted that these average values of ache/ase
are somewhat differont from those shown in the swmary teble since
the latter correospond to zero 1ift and pitching moment. The values
in the sumeary, howover, also show the large beoneficlal offects of
the bulged elevator profile.

The data indicete that increasing Mach number up te 0.80
produces little change in the veriation of hinge«mcment coofficient
with elevator angle for the flat~sided elevators. Tho values of
Che/IBe still arve negative throughout the 1ift-coefficiont and
olovator—angle range of the tests, although somewhat less negative
then the values for these olevators at 0.30 Mach number.

Tha effect of incroasing Mach mumber on OCh,/d8e for the



8 , : - NACA TN No. 1302

olovators with bulgod profiles, howevor, is pronounced. "Tho data
indicate that for the H tail tho value of OChy/0B; doos not remain
negative throughout the 1ift—.and olevator-engle rangos at highor
Mach numbors, but becomes positive at 0.60 Mach numbor, 0.60 1ift
coefficient, and —1° olevator angle. This overbalanco with rcspect

to elovator doflection iIncroascs with Mach numbor, oxtonding ovor

a rengo of 5° clevator anglo at 0.80 Mach nmumbor., The Hz tail

shows even a larger variation of OCny/08¢ with Moch nuwber than

doos the H tail. At 0.80 Moch humber thie quantity is positive ovor

o 6° range of clevator deflection. For.the Hs tail 3Ch,/8

varies with Mach number to a lesser exbent than for oither the H or
H> toil end no overbalance 1s. indlcated within tho renge of tho tests.
At 0.80 Mach number, howover, tho avorage value of 3Ch,/08, is
approximatoly 30 percont loss nogative than at 0,30 Mach nuwmber.

An insight into the causcs of the variation of OChe/d8c with
increaging Mach number for the olevators with a bulgoed profile 1a
showvn by the prossure distribution over the clevator surfaces.

These datc are shown in figure 19 for the five talle tested at
olevator angles from -4° to 4O, A compasrison of the date for the H
and Ho tails shows that the bulge couses a lorgo pressure peak o
occur on both the uppor and lower surfaces varying from approximately
60 to 80 percent of the tail-plane chord. At 0.30 Mach number tho
poalts on the upper and lower surfaces tend to opposo each other and,
therefore, do not alter to o groat extent the resultant load on the
elovator, In general, a deocrease In eloevator cnglv incroasos tho
download along tho entire elevator chord as indicated for the Hy
tall. With variation in elevator angle the load on the clovator doos
changoe more noar the hinge line asnd loss aft of the 80-percont~chord
station for the H tail than for the Hy tail. At 0.80 Mach
number the offect of tho bulge on the lower swrface is similar to
that at 0.30 Mach number, but there are large changes in tho pressuros
on the upper surface. For example, for an clesvator-angle movemeont
from 4O to OO, tho pressure peak moves coft fram 70 to 78 percent of
the chord and the coefficient docreases from -0.64 to —0.77 at 0.80
Mach numbor; whoreas, at 0.30 Moch number, the pock moves aft from
72 to 77 percent of the chord ond the coefficient incrocege from
~0.56 to =0.46, The result of the large chonges in prossure distri-
bution on the upper surface is to alter compleotoly the load dlstri—
bution on tho H elevator from thet on the Hy olevator, Aft of
the 75-porcent—chord statlon tho variation of load with olevator
angle is opposite that for the Hpg tail, theroby causing tho gvor—

balanco indicated by the H tail.

Tho dato. for the olovators of tho low-drag tails (Hy, Hz, end Ha)
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indicate phonomonsa samowhat difforont from that discussed for tho

H and H,; tall. Tho pressurc pooks cn tho olavatoré with the
bulges occcur at approximatoly 85 porccnt of tho chord énd noithor
olovator anglc nor Mack numbor variation eltors tho location of the
peak. The date also Indicato that increcses of Mach mmbor affect
the prossures over the bulgse on botk the upper ond lower surfaces
equally. HNoar the hinge line, ths variation of loed with elgvetor .
engle is similar for the thrce tails at al)l Mach numbors. HNoear theo
treliling edge, however, tho bulgss on the olovator profile ceuse a
roversal in tho variation of load with olevetor anglo, which
becomecs more pronounced with increasing Mech numbor. Since it
occura noar the trailing edge, tho reversel of load varistion with
elevator angle has a lerge effect on the hinge-momont coofficiont.
The data of figure 19 also indicate that the pressurs coofficient
for the H +tail considorably exceods the critical pressurc cooffi~
cient at 0.80 Mech nuwmbor. The bulges on the low-drag tails wore
designed to roduce the large prossure peaks on the elevatcr. Tho
data indicate that-the prezsure coofficient for the Hz tail
slightly exceods the critical at 0.80 Mach numbcr =2nd that for the
Ha +tail i1t remainse subcritical throughout the range of the tests.

The data of figures 14 to 18 and teble I also lndicate the
effect on aChe/?JCL of tho bulge on the elevator profile. At
0.30 Mach number, the quantity 1Is nsgative for both tho flat-sided
oclevators throughout the lift-coofficlont and slovator—engle rangoe
of the tests. With increesing Mach nuber the guantity tonds toward
zero and bocames slightly positive for both elevators at 0.80 Mach
numbor over a portion of the elevator-englo rango. For the H, Ha,
and Es olevators, OCk,/0CI, is positive throughout ncerly the
entire range of the tests and variea almost directly with the
algebraic valuo of ?:\Che /3% . Hence, thé largest positive valuo of
aChe/B_CL occurs at 0.80 Mach number for the Hz tail, tho tall _
having the greatest overbalance with respoct to slevator deflectlon.
Thiz veriation of hingo-mcment coefficlent with model 1ift cooffi-
cient countoractsthe ovorbalance with rospect to elevator deflection.
It is sufficicntly largs to indicate that no overbalonce will occur
in the Moch mumbor range of the tests. For the H +tail, though,
the docroaso in OCp,/9CI, ond tho incroase in dCh, /o8s  in tha
plovator—engle range requirsd for balente at 0.80 Moch number
indicate that overbzlanco mey possibly occur at higher values of
Mach numbor. . -

The cffccts on the hinge-moment characteriatics of tho bulge
on the H dnd Ho toils also indicate the posslibility _o_f:_ an
instantancous reversal of atick forco during rapld masnocuvoring.
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If tho attitudo of the ailrplane is such that 1t 1s flying in a
region for which both OChe/08c and JChe/SCL are positivo,

a rapld stick movemont might produce e stick force oppositeo to
normal duc to the positive value of OCh,/0B. After tho airplanoc
rogponds to ‘tho -clovator movement, the stick forco will bocome
normal agoln bocauso of the positive valuo of OCh,/0CL. Thore

have beon no réports of such 2 reversal occurring in flight, howover.

Figures 14 to 18 and table I &lso indicate the large effect
of the bulged elevator profile on the elevator angle corresponding
to zero hinge moment.  For both of the flat—sided elsvators, the
elevator angle coryesponding 1o zero hinge moment and zero 1if{
decreases slightly more than 1° from 0.30 to 0.80 Match number.
For a similar variation of Mach number, the H, Hp. and Ha talls
undergo decreases of approximately 4i°,-89, and 3°, respectively.
This floating characteristic of the elevators with a bulge on the
profile will tend to pull an alvplane using such surfaces out of
e dive as the Mach number 1s increased. It is probably largely
responsible for the good dive-recovery characteristics of the
pursult alrplane with the standard tail.

In generel, it can be sald that the effect of the bulge on

the elevator profile is to cause both JChe/08e and OChe/OCL
S become less negative and even atbtain positive values over

portions of the test range ; that is, their values increase algebra-—
ically.. Tncreasing . dChg/0Be algebraicellg tends to reduce the
atick-Torce gradient, and increasi Che Cg tends to increase 1it.
However, since for this model the efifect of dChy /38e on the stick—
force gradient is between six and twelve times greater than that of
OChe /OCL, the effect of the bulge on the elevator profile, in general,

is to reduce the stick-force gradient

Calculated Characteristicas of Alrplane

Stick force and elevetor angle.— The over-all effect of the
various parsmeters previously discussed can best be shown by
calculating the stick force esnd eclevator, angle for the alrplane
in various attitudes of flight. Consequently, the calculated
control characteristics of the airplane with the wvarious horizontal
talls are shown 1in figures 20 to 23. It must be remembered in
viewing these results that these stick forces were computed from
data obtained with solid model elevators. The stick-force character-
istics of the full-scale airplans probably differ from those
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discussod here due to distortion of the fabric or metal surfoccos of
the elevator. However, this foact should not influcnco tho discussion
of tho reolativo nmorits of the varlous toils, In figurc 20 the
variation of astick forge and oclovator angle with true eirspeed is
shown for tho alrplane with the H +tail {stonderd teil) at five
difforont altitudos. The date indicmte that the variation of
clovator anglo with sirspoed is unstoble abovo speeds ranging from
575 miles per hour ot sea lovol {approximatoly 0.75 Mach numbor)

to 470 nilos per hour at 40,000 feet altitudo (approximately 0.70
Moch number). The stick~force variation with ailrspeed for zero

tab setting is stable, howsvor, throughout the entlro speed range
of the tests up to 30,000 feot altitudo. This is duo to the floot~
ing charccteristics of tho clevetor proviously mentionod.

The sirspecd above which the variation of the calculatod
elevator anglo with spoed is unsteble (stick—Ffixed instability) is
shown in figure 21. The curve was obtained by cross-—plotiing the
date from figure 20. Figure 21 also shows the alrapeed above which
the alrplane is indicated to be unstable with the atick free. Stick-
free instability is defined as en unstable variation of stick force
with airspeed at the trim speed. The data indicate that the airplane
equipped with the H +tail will be stable with the stick free for
20 to 40 miles per hour higher speed than with the stick fixed. This
characteristic, although beneficial in the Mach number ranges of these
tests, might prove undesirable at higher values. The pilot might be
unaware that he was a.pplying more up-elevator deflection because of
the continuance of stick-free stability or of the possibly low stick
forces when the airplane hecame unstable stick free. It is therefore
possible He would allow the alrplane to reesch a Mach numbsr at which
the remaining stick travel would be insufficient to effect a
recovery..

The variation of stick force and elevator angle with alrspeed
for the tests of the five talls are shown in figure 22. The data
indicate that the changes in elevator profile made during these
tests have no effect on the stick-fixed stebility; stick-fixed
instability occurs at spproximately the same airspeed for all talls.
The changes in the elevator profile do affect greatly the variation
of stick force with airspeed, The data indicate that the stick-force
variation with alrspeed for the Hp tall will remain stable to a
apeed above that for the H +tall and above the range of the tests at
zero tab angle. The push force with the Hy tail also ghows a
greater increase with airspeed than that with the H tail. Although
the push force with the Hs +tall increases more with airspeed than
that with the H ‘tail, the data show a reversal of stick force
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at the high speeds. With the Ho end H; tails a reversal in the
vertation of stick force with alrspsed also occurs at approximately
the pame speed as that for the Hg tall. The reversal with the Hg
and H; tails, however, is much more severo. Such a reoversel in
stlck force is indicative that large pull forces would be roguired for
dive recoverice. It occurs because the hinges-moment characteristics
of the flat-sided slevators have not componsated for the stick—fixed
instebility as have thosge of the bulged elevators.

Stick-force gradient.~ In order to simplify the computation
of the gtick forces for the airplane in accelorated flight, it was
assumod that for normal sccelorations grester than lg the alrplano
was at the bottom of a pull—out and for normal accolerations of lg
or less the alrplane flight path was straight.

The variation of stick force with normel accoleration for the
airplene at several altlitudes and gpeeds is shown in figure 23 for
each of tho five talls tested. The date indicate that the stick—
force gradient with the Hs -tail (low-drag stabilizor, large bulge
on elevator profile) i1s emaller then thet with tho othor tails bolow
535 miles per hour at sea level and 500 miles por hour at 20,000 feet
altitude (mpproximately 0.70 Mach number) 4% the highor Epeeds and
low accelerations tho H +tail (standard) shows the emallost
gradient. As previoualy mentioned, the very amall value and the-
trond of the stick-force gredient with the H tail at the highest
spoed Indlcates that overbslance may occur at spceds sbove the
maximum of the tests. At oll speeds the Hy tall (stendnrd
stabilizer, flat-sided olevator) shows the largest gradient. On
the other hand the stick-force gradient withk Hy tail (low-drag
gtabilizer, flat-eidod elevator) compecres quite favorably with the
gradients for the other low-drag tails at high spoocas.

CONCLUSIONS

Wind—tunnel tests to determine tho effect of modificatlons to
the profile of the horizontel tall on the longltudinal stetlc
stabllity and control characteristics of a pursuit @irplane indicate
tho following: : ’

1. With the exception of small changos in the oloevator anglo
for zero pltching momant, tho profile changes heve almost no offoct .
on' the pitching-moment charecterietics of the modcl.

2. The effect of a bulge op tho elovator profile with & r



HACA TN XNo. 1302 _ | 13

stebilizer having eithexr a modifled NACA four—diglt or e 65-series
airfoil profile is tc change the quantities OCh,/d% and 3Cp,/OCL
from negative values to smaller negative or pos;tive valuses and to
cause the elevator angle corresponding to zero hinge momsnt to
become more negative with increase in Mach number.

3. With either stabilizer, the flat-sided elevators produce
& severe reversal in the variation of stick force wlth alrspeed at
high speeds. A small bulge on the elevator with the low-drag
stabilizer reduces the severity of the reversal appreciadbly, but
does not increase the speed at which it ocours. A large bulge on
the elevator with elther stabilizer eliminates the reversal througb—
out the wind-tunnel test range. . -

k., The effect of the bulged elevator profile is to vreduce the
gtick—force gradient. )

Ames Aeronsutical Laboratory,
National Advisory Commlttee for Ae*onautics, . . o -
Moffett Field, Celif., March 1947. '
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APPENDIX

AIRPLANE. AND MODEL DIMENSIONS

Modol Airplane
Wing area, squayxc foet e e e e e e e . 25.91 . 233.19
Wing mean aerodynamic chord, feet . . . . . 2.21 6.63
Wing span, £eet . . . . . . . . . . . .0 . 12.3k4 37.03
Agpect ratic of wing . « . v « v « v 4 o . 5.89 5.89
Wing incidence at root, degrees . . . . . .  1.00 1.00
Flevator span (ons elevator), feet . . . . . 2.013 6.040
Msan square of eievator chord behind hinge
line, feet squared . . . . . . . . . ., .133 1.196
Tail longth (25 percent M.A.C. to elevator
hinge line}, feet . . . . . ce e e 5.75 17.25
Stabilizer setting from fuéelage
reforence line (all tails), degrece . . . 2.00 2.00
Normal center—of—gravity lecation
Porcent moan asrodynemic chord . . . . . . - 24.60
Distance below fumelage reference.
line, inched . . + v « v « « & « o « & -— 10.60
Relation of stick force to clevator ‘o

hinge moment, pounds per pound-foot . . . —-

TR
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l. Nissen, Jemes M., Gedeberg, Burnett L., and Hamilton, William T.:
Correlation of the Drag Characteristics of a P-51B Alrplane
Obtained from High-Speod Wind—Tunnol and Flight Tests.

NACA ACR No. LEO2, 1945, . .

2. Silverstein, Lbe, and White, Jemes Aubroy: Wind-Tunnel Inter-
forence with Particula» Reference to Off-Contor Positlons of
the Wing and to the Downwash at the Tail. NACA Rep. No. 54T,
1935. o



TABLE I.- SUMMARY OF ELEVATOR HINGE-MOMENT CHARACTERISTICS

Shape of 3G 9 &, for
Elevator Gy & curve ( 0 E:,) (% Gpy= 0
proilie Mach number
0.304 | 0.80 [0.304|0.80 |0.304|080 |0.304|080
., . z
H p— ..E\\ RN - 004! |-.0012 |+0072 [+0232 |-2.07 |-6.36
~—— = ~~ S
Ho \ \\ 0094 |-.0086|-0142 |-.0098|-0.65 |-1.86
N\ N
H, \ \\ -,0082 [-.0068/-.0103 |+.0068|-0.45 | -1.80
™~ N
'] m .
2 AN ———— \\\ ~_ |- -0059 |+.0011 |+.0038 |+1030 | -1.00 | %9.00
Ha \\ | [-0057|-0035 [+0036 [+0340 | -1.37 |-447
™~ ~

“Values measured at G, =0 and C,=0
Value extrapolated

GOMMITTEE FOR ACROMAUTIOS

gCET 'ON NI VOVN

ot
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FicurE /.- THREE-View DOrawine OF THE Ji-ScAacE
MODEL OF THE PURSUIT AIRPLANE.
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Figure 2.~ The P-51B model in the 16-foot wind tunnel.

o

1y

b Ll
. .

Figure %.- The P-51B model with the cooling duct removed.
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Figure 4.~ The P-51B model supported at the wing tips and
at the tail. R
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FIGURE S, - DiMENSIONAL DATA For M 74/c.
(SranvarD TaiL)
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FIGURE 8,- DIMENSIONAL DATA FOR Mo TArL,

(Low-Drac 74/
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NACA TN No. 1302 Fig. 9

HINGE £ 7

PLANFORM SAME
As H, 74/t

Secrion AT & S7ABILIZER
AND InBD EnD OF ELevATOR

TAIL. SURFACE COORDINATES

__ STAB/LIZER ELEVATOR
S7A. O S7A. 25 INBD END S7A4. 25
A 257 A L
5 244 B £33
SAME AS SAME As < a6z | € 8.07
H TAIL /_/ 7:4/L 2 /5. 30 2 Aa.27
‘- ’ 7 0.098 7 0.054

BULGES DIMENSIONED
ABove WERE ADDED
760 ELEVATOR OF H, 7A/L

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS
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Figure 13.- The prtching-moment coefficient of
the model with the empennage and cooling
duct removed.



NACA TN No. 1302 ' Fig. 14a

b~ \“"\ /
\\\\‘-\ T
T ~d ~~~ \\ Cm
~— S
~~— = T~ [ \\\\'L‘\ \
- b2 —
LI I S 0 s S LR s S >
T~ o] ~ - 1
~ 1 ~ \ ~— -~
\5\ -3 [—— =~
~ - \ - T~
'/ - e \\
~ - ~
.04
NN
\\\\\\\ Chg
N
\\\\
\\ ‘\‘ .
\\\\“\
SN
= \\¥
NN
\\\t\
\\\\\ .
-8 -6 -4 -2 \\\\\ 2 4
& R
\\\\
\§\
S <UD
c TOR -
L \\\\\
) N
-------- 2
—_— e —— 4
—-— 6 ;04
_— - 8
| | !

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(@) 0.304 NMach number.
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(b) O.903 NMach rHumber
Figure /4.-Continuved.
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(c)0O.5049 NMach number.

Figure /9-Continved.
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(d)0.606 Moch number
Figure /74.—Contrnued.
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Figure /4.— Continuved.
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(F) 0.704 Mach rumber.
Figure /4.~ Continued.
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(g) 0.728 Mach number
Figure /4.- Continuved,
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(h) 0.72549 Maoach nrumber.
Figure /49— Continued.
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(j) O.80 Moach number.
Figure /94.- Concluaded.
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(@) 0.304 Mach number
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(b) O.704 NMach number,
rFigure /15— Continued.
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k) 0.7549 . Mach rurmbevr.
Frgure /5,- Continved.
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(d) O. 80 NMoch nurmber
Figure /5.- Concl/vded.
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(o) O.304 Mach rnuvmber
Figure /6.-7he piriching-momen’ ond elevotfor hinge-
moment coefficients oFf rthe model with 7he
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(b) 0.704 Mach nuvmber
Figure /6.— Continuved.
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c) O. 754 Mach rnumber-
Figure /6.,— Continved.
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(o) 0.80 Mach number.
Figure /6,- Concluded.
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() 0.304 Mach number
Figure [7.- The pifching-moment and elevotor hingae-
moment coefficients of 7he rrodel/ with rthe
Hy Tarl,
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(b) 0.704 Mach number
Figure /7.~ Continved.
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Figure [/7,- Continved.
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Frgure /7.- Comncluded,



NACA TN No. 1302 Fig. 18a

N y
‘“s_\L\
e =~ Cm
\\ \\ ~
S~ -
M R s O I N |
~ -~ —
—~ ~ — ~ < -
-8° -6° = ™ - \ -~ 2 4
6 \\\ \-- ~ \\\’\
e T — i =~ o ~—~__
-] — ~ g
\\\\L~ \\\\\\
~4 —— T
== . I~
\.\\ P~
\\ \\
~—

Ch

.02

-

CL oa ‘\:\\

o \\\\\
______ R \‘;\‘T\g\
—_ 4 N
—-— .o 204
—_——— —— 8

NATIONAL ADVISORY
COMMITTEE FOR AERONAUTICS

(@ 0.304 NMaoach rnumber
Figure /8. - 7The pitching-moment and elevator hinge-
moment coefficients of rhe modolel with *he
Hs Tosl.
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(b) 0.704 Moch number

Frgure /8,-Continved.
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) 0.7549 NMach number
Figure /8. Continved.
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@) 0.80 Mach number,
Figure /8.-Concluded.
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(6) 20,000 Ffeer oltitude
F/gure £2.- Concluded.
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(b) 20,000 feet o/titude
Figure R23-Concluded. )
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(@) /n relation 1o [ift coefficierit.
Figure 25 - 7The drag coefficient.
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(&) /» relation to Mach rnum ber.

Frgure 25, - Concluded.



